The purpose of this paper is to investigate the induced SAR in an inhomogeneous model of human body for exposure to EM wave from a dipole antenna at 400 MHz. Two positions of the antenna are considered, that is, those behind the back and waist of the human body. In particular, we compare the results obtained with the homogeneous and inhomogeneous models. As a main result, a large difference in tbe SAR distribution is observed between two models. Additionally, the peak SARs averaged over l g or log of tissue obtained using the homogeneous models are overestimated as compared with those obtained by the anatomical model, only when the antenna-model distance is small. index terms: specific absorption rate (SAR), occupational environment, 400 MHz band. RF safety standards a t 80 MHz and 150 MHz [11]. Thus, the position of the terminal is fixed to the back. It is worth noting that attention is paid to the effect of the reflection from soil on the induced SAR.
Introduction
In recent years, there has been an increasing public concern about possible health hazards resulting from exposure to EM (electromagnetic) waves. Therefore, various groups in the world have established safety guidelines for EM wave absorption (e.g., [I, 2, 31). These standards are reguiated in terms of SAR (specific absorption rate) in the Gequency range above 10 MHz.
Much attention has been paid to the induced SAR in the human body for exposure to EM waves emitted from commercial handset antennas [4, 51. Therefore, the frequency bands of 900 M H z , 1.5 GKz, and 1. 9 GHz are singled out. In other words, few literature focuses 011 the interaction between the human body and antennas at VHF or lower UHF bands. These frequency bands are used for occupational wireless communications (at least in Japan). The antennas are not used in close proximihy to the head unlike the commercial cellular phone, but attached to the trunk. The research on the dosimetry at 400 MBz band has been mainly done by S. S. Stuchly and M. A. Stuchly 16, 7, 8, 9,  101 in 1980s. In [6, 71: the comparison of the induced SAR for near-and far-field expcsures was presented. In IS], the authors discussed experimentally the effect of different antennas, as well as the effect Qf the position and polarization of the antenna, on the induced SAR in the homogeneous model. In [9] : they demonstrated the comparison of numerical and experimenta1 results for the induced SAR in the human body for near-fields. In these investigations, t,he human body was simplified as composed of homogeneous tissue. The only literature which has examined the EM interaction with an inhomogeneous model is [ 
Human Body Model
The model of human body used in this paper is obtained from the internet site of Brooks AFB [12] . It consists of 96 x 110 x 125 cubic cells, whose side cell length is 3.0 mm. This model is comprised of 38 tissues, that is! skin, bone, muscle. fat, nerve, blood, white matter, gray matter, cerebellum, and so forth.
FDTD Method
The FDTD method [13] is used for investigating the interaction between the human body model and EM waves. In order to incorporate the inhomogeneous head model into the FDTD scheme, the dielectric properties of the tissues are required. They are determined with the aid of the 4-Cok-Cok extrapolation [14]. It should be noted that the 2/3 muscle is considered as a homogeneous medium.
As a fundamental study, an isolated dipole antenna a t 400 MHz is considered as a wave source. The main reason for choosing the dipole antenna is that results yielded by other antennas on a metaIIic box can involve some uncertainties. This is caused by the geometry of the metallic box [15, 16]> which makes it difficult to obtain proper differences caused by the position of the antenna. The diameter and length of the dipole antenna is fixed to 1.0 mm and 36.0 cm, respectively. The output power is set to 1.0 W. An external view of the human body model and antenna position is shown in Fig. 1 : the antenna is located behind (a) the back and (b) waist of the human body. Note that the antenna touches the human body at the distance of 3 cm in the case of (a), while if does at 2.4 cm for (b). 
Numerical Results

0-
I SAR Distribution
Figures 3 and 4 illustrate the SAR distributions in the homogeneous and anatomical models located a t the distance of 8 CM from the model. Note that (a) and (b) in these figures correspond to the distributions on, the y -z and x -y planes, which include the feeding point of the antenna. From Fig. 3 , the SAR in the homogeneous model is found to decrease monotonously as penetrating into the body. On the other hand, as is evident from Fig. 4 , larger SA& are observed in the interior of the body than around the surface of the body. This is* because of the inhomogeneity of the model, and the rekon is further classified into two. One is multiple reflectioii occurring at the boundary of tissues. The other reason is that tissues with high conductivity. such as CSF and muscle, exist not around the surface but in the interior of the body.
Local Peak SAR
This subsection discusses the local peak SAR averaged over l g and log of tissues. Tables 1 and 2 list the F l u e and position of the peak SA& at the distances of d=5, 8, 11 cm. Note that the position of SAR have the unit of cm, and the origin in the coordinate system is located at the antenna feeding point for the cme where the antennabody distance is 5 cm. From the tables, peak 1-g and 10-g SARs appear not around the neck: where the feeding point exists, but at the back. It should be noted that peak SA& appear around the feeding point of the antenna for commercial cellular telephone. This inconsistency is due to the arratigement of the antenna and the human body, that is, the distance between the antenna and the body parts (the head, neck and back) is different. As the antenna goes away from the model, the position of peak SAR moves from the neck toward the back. It is also interesting to point out that, at d=8 em, peak 1-g SAR appears around the neck for the homogeneous model, while it appears around the back for the anatomical one. Similarly, as seen from the table, at the distance d=10 cm! the pcr sition of peak 10-g SAR also varies by the inhomogeneity of the model.
When the antenna-body distance is small, the peak average 1-g and 10-g SA& in the homogeneous model are larger than those for anatomically-based model by 50 % and 100 %, respectively (See Table 1 ). From Table   2 , when the antenna is located around waist, the peak SARs in the anatomically-based model are slightly larger than those for the homogeneous ones only at 11 cm. For summarizing the variation of maximum local peak SARs due to the inhomogeneity of the model! we show in Fig.  5 the dependency of the SARs on the distance, when the -(a) d=5 cm, (b) d=8 cm: (c)d=ll cm, and peak 10-g SAR at (d) d=5 cml (e) 6=8 cm: (f)d=ll cm.
antenna is located behind the waist. In order to clarify the effect of material constant on the peak SARs, the results for homogeneous model comprised of muscle and 2/3 muscle [18] are also shown. The effect of material constant is obvious only when the antenna is close to the body. For the distance larger than 8 cm, the difference in the value of peak SA& is negligible. For the distance smaller than 8 cm, the peak SARs obtained using the homogeneous model are larger than those obtained by the inhomogeneous model. Note that this is true for the case where the antenna is located behind the neck.
Summary
We investigated the induced SAR in an inhomogeneous model of human body for exposure to EM wave from a dipole antenna at 400 MHz. Two positions of the antenna are considered, that is, those behind the back and waist of the human body. In particular, we compared the results for the case of the homogeneous and inhomogeneous models. As a main result, a large difference in the SAR distribution is observed. Additionally, the peak SA& averaged over l g or log of tissue obtained using the homogeneous models are overestimated as compared with those obtained by the anatomical model, only when the antenna-model distance is small.
